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Document Name: [Claims] 

1. An electroluminescent material including an oxide 
having a perovs kite-type crystal structure represented by General 
Formula RM0 3 , wherein R represents at least one rare-earth element, 

5 and M represents Al, Mn or Cr. 

2. An electroluminescent material including an oxide 
having a perovs kite- type crystal structure represented by General 
Formula R 2 Cu0 4 , wherein R represents at least one rare-earth 
element. 

10 3. An electroluminescent material including an oxide 

having a perovs kite-type crystal structure represented by General 
Formula RZ2CU3O6, wherein R represents at least one rare-earth 
element, and Z represents at least one alkaline earth metal. 

4 . An electroluminescent material according to any one 
15 of Claims 1 to 3, wherein the oxide further includes at least one 

dopant selected from the group consisting of alkaline earth 
metals, Mg, alkali metals, and transition metals. 

5. An electroluminescent material according to any one 
of Claims 1 to 4, wherein the rare-earth element R is at least 

20 one member selected from the group consisting of Sc, Y, La, Ce, 
Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu. 

6. An electroluminescent material according to Claim 3 
or 4, wherein the alkaline earth metal is at least one member 
selected from the group consisting of Ca, Sr, and Ba. 

25 7, An electroluminescent material according to Claim 4, 

wherein the dopant is Mg. 

8. An electroluminescent material according to Claim 4, 

wherein the alkali metal is at least one member selected from the 

group consisting of Li, Na, K, Rb, and Cs. 
30 9. An electroluminescent material according to Claim 4, 

wherein the transition metal is at least one member selected from 

the group consisting of Ti, V, Cr, Mn, Fe, Co, Ni, Cu, and Zn. 

10. An electroluminescent material according to Claim 

4, wherein the proportion of the alkaline earth metal dopant 
35 contained in the oxide (mole % of alkaline earth metal (s) added 
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as dopant (s) relative to M or Cu) is 0.001 to 10 %. 

11. An electroluminescent material according to Claim 
4, wherein the proportion of the Mg dopant contained in the oxide 
(mole % of Mg added as dopant relative to M or Cu) is 0.001 to 

5 10 %. 

12 . An electroluminescent material according to Claim 
4, wherein the proportion of the alkali metal dopant contained in 
the oxide (mole % of alkali metal added as dopant relative to M 
or Cu) is 0.001 to 10 %. 

10 13. An electroluminescent material according to Claim 

4, wherein the proportion of the transition metal dopant 
contained in the oxide (mole % of transition metal added as 
dopant relative to M or Cu) is 0.001 to 10 %. 

14. An electroluminescent element having an 
15 electroluminescent layer formed from an oxide electroluminescent 

material of any one of Claims 1 to 13. 

15. An electroluminescent element according to Claim 
14, wherein the electroluminescent layer is formed from a single- 
crystalline oxide thin film. 

20 16. An electroluminescent element according to Claim 

14, wherein the electroluminescent layer is formed from a 
polycrystalline oxide thin film. 

17. An electroluminescent element according to Claim 14, 
wherein the electroluminescent layer is obtained by the 

25 compression molding of oxide fine particles, or by forming a 
paste containing oxide fine particles into a layer and then 
drying. 

18. An electroluminescent element according to Claim 
14, wherein the electroluminescent layer is obtained by the 

30 compression molding of a mixture of oxide fine particles and a 
binder, or by forming a paste containing a mixture of oxide fine 
particles and a binder into a layer and then drying. 

19. An electroluminescent element according to Claim 
14, wherein the electroluminescent layer is formed by sputtering. 

35 20. An electroluminescent element according to Claim 
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14, wherein the electroluminescent layer is formed by laser 
ablation. 

21. An electroluminescent element according to Claim 
14, wherein the electroluminescent layer is formed by metal salt 

5 thermal decomposition. 

22. An electroluminescent element according to Claim 
14, wherein the electroluminescent layer is formed by metal 
complex thermal decomposition. 

23. An electroluminescent element according to Claim 
10 14, wherein the electroluminescent layer is formed by a sol-gel 

process using an alkoxide. 

24. An electroluminescent element according to Claim 
14, wherein the electroluminescent element further having a light 
reflection layer. 
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[ Document Name] Specification 
[Title of the Invention] 

ELECTROLUMINESCENT MATERIAL AND ELECTROLUMINESCENT ELEMENT USING 
THE SAME 

5 [Technical Field to Which the Invention Pertains] 
[0001] 

The present invention relates to electroluminescent 
materials and electroluminescent elements using the same. 
[Prior Art] 
10 [0002] 

Currently used electroluminescent materials and 
electroluminescent elements using the same can be roughly 
classified into two groups, i.e., inorganic materials and organic 
materials. Inorganic electroluminescent materials are superior to 
15 organic electroluminescent materials in long-term stability, and 
emit light even under high temperatures or other severe 
conditions. Therefore, further research and development of 
inorganic electroluminescent materials are sough. 
[0003] 

20 As disclosed in Non-patent Document 1, among inorganic 

electroluminescent materials, only a material using an 
electroluminescent layer formed from ZnS to which Mn is doped as 
an impurity has been put into practical use. However, such an 
electroluminescent material emits only light with a specific 

25 wavelength, in particular yellow light, and therefore emission of 
non-yellow light using electroluminescence has not yet been 
achieved. 
[0004] 

Emission wavelength in electroluminescence is 
30 determined by the electronic state specific to the 
electroluminescent material used. Therefore, in order to emit 
light other than yellow light, development of electroluminescent 
materials other than Mn-doped ZnS is required. Currently, 
research and development of electroluminescent materials that 
35 emit red light having a wavelength longer than yellow light, and 
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blue, green or other light having a wavelength shorter than 
yellow light have not been progressed satisfactorily. With this 
being the situation, the development of electroluminescent 
materials that emit high-luminance light with little energy 
5 consumption, have little energy loss due to conversion to heat, 
etc., suffer from little deterioration even after long-time usage, 
and, in particular, inorganic electroluminescent materials that 
emit blue, green or other light having a wavelength shorter than 
that of yellow light have been awaited. 
10 Non-patent Document 1: Trigger, vol. 18, No. 3 (1999): 

pp. 21-23 

[Detailed Description of the Invention] 
[Problem to be Solved by the Invention] 
[0005] 

15 An object of the present invention - is to provide an 

electroluminescent material that emits high-luminance light with 
little energy consumption, has little energy loss due to 
conversion to heat, etc., suffers from little deterioration even 
if used for a long time period, and, in particular, an inorganic 

20 electroluminescent material that emits blue, green or other light 
having a wavelength shorter than that of yellow light. 
[Means for Solving the Problem] 
[0006] 

In order to achieve the above object, the present 
25 inventors conducted extensive research and found that the object 
can be achieved by an electroluminescent material formed from a 
specific oxide (oxide .electroluminescent material) having a 
perovskite-type crystal structure, and thus the present invention 
has been accomplished. 
30 [0007] 

In other words, the present invention provides the 
following electroluminescent materials and electroluminescent 
elements using the same. 

1. An electroluminescent material including an oxide 
35 having a perovskite-type crystal structure represented by General 
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Formula RM0 3 , wherein R represents at least one rare-earth element, 
and M represents Al, Mn or Cr. 

2. An electroluminescent material including an oxide 
having a perovs kite-type crystal structure represented by General 

5 Formula R 2 Cu0 4 , wherein R represents at least one rare-earth 
element . 

3. An electroluminescent material including an oxide 
having a perovskite-type crystal structure represented by General 
Formula RZ 2 Cu30 6 , wherein R represents at least one rare-earth 

10 element , and Z represents at least one alkaline earth metal. 

4 . An electroluminescent material according to any one 
of Items 1 to 3, wherein the oxide further includes at least one 
dopant selected from the group consisting of alkaline earth 
metals, Mg, alkali metals, and transition metals, 

15 5. An electroluminescent material according to any one 

of Items 1 to 4, wherein the rare-earth element R is at least one 
member selected from the group consisting of Sc, Y, La, Ce, Pr, 
Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu. 

6. An electroluminescent material according to Item 3 
20 or 4, wherein the alkaline earth metal is at least one member 

selected from the group consisting of Ca, Sr, and Ba. 

7. An electroluminescent material according to Item 4, 
wherein the dopant is Mg. 

8. An electroluminescent material according to Item 4, 
25 wherein the alkali metal is at least one member selected from the 

group .consisting of Li, Na, K, Rb, and Cs . 

9. An electroluminescent material according to Item 4, 
wherein the transition metal is at least one member selected from 
the group consisting of Ti, V, Cr, Mn, Fe, Co, Ni, Cu, and Zn. 

30 10. An electroluminescent material according to Item 4, 

wherein the proportion of the alkaline earth metal dopant 
contained in the oxide (mole % of alkaline earth metal (s) added 
as dopant (s) relative to M or Cu) is 0.001 to 10 %. 

11. An electroluminescent material according to Item 4, 

35 wherein the proportion of the Mg dopant contained in the oxide 
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(mole % of Mg added as dopant relative to M or Cu) is 0.001 to 
10 %. 

12. An electroluminescent material according to Item 4, 
wherein the proportion of the alkali metal dopant contained in 

5 the oxide (mole % of alkali metal added as dopant relative to M 
or Cu) is 0.001 to 10 %. 

13. An electroluminescent material according to Item 4, 
wherein the proportion of the transition metal dopant contained 
in the oxide (mole % of transition metal added as dopant relative 

10 to M or Cu) is 0.001 to 10 %. 

14. An electroluminescent element having an 
electroluminescent layer formed from an oxide electroluminescent 
material of any one of Items 1 to 13. 

15. An electroluminescent element according to Item 14, 
15 wherein the electroluminescent layer is formed from a single- 
crystalline oxide thin film. 

16. An electroluminescent element according to Item 14, 
wherein the electroluminescent layer is formed from a 
polycrystalline oxide thin film. 

20 17. An electroluminescent element according to Item 14, 

wherein the electroluminescent layer is obtained by the 
compression molding of oxide fine particles, or by forming a 
paste containing oxide fine particles into a layer and then 
drying. 

25 18. An electroluminescent element according to Item 14, 

wherein the electroluminescent layer is obtained by the 
compression molding of a mixture of oxide fine particles and a 
binder, or by forming a paste containing a mixture of oxide fine 
particles and a binder into a layer and then drying. 

30 19. An electroluminescent element according to Item 14, 

wherein the electroluminescent layer is formed by sputtering. 

20. An electroluminescent element according to Item 14, 
wherein the electroluminescent layer is formed by laser ablation. 

21. An electroluminescent element according to Item 14, 
35 wherein the electroluminescent layer is formed by metal salt 
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thermal decomposition. 

22. An electroluminescent element according to Item 14, 
wherein the electroluminescent layer is formed by metal complex 
thermal decomposition. 
5 23. An electroluminescent element according to Item 14, 

wherein the electroluminescent layer is formed by a sol-gel 
process using an alkoxide. 

24. An electroluminescent element according to Item 14, 
wherein the electroluminescent element further having a light 
10 reflection layer. 

[Effects of the Invention] 
[0008] 

The electroluminescent material of the present 
invention is formed from a specific oxide having a perovskite- 

15 type crystal structure, and can emit, in addition to yellow light 
that can be achieved by prior art electroluminescent materials, 
green light having a shorter wavelength than yellow light. 
Furthermore, because the electrons and positive holes therein 
have a great mobility when voltage is applied, and the 

20 fluorescence lifetime thereof is very short, electrical energy 
can be efficiently converted into light energy in the 
electroluminescent material of the present invention. 
[0009] 

Furthermore, the electroluminescent material of the 
25 present invention exhibits excellent long-term stability because 
the constituents thereof have little optical absorption and 
suffer from little loss of energy caused by re-absorption of the 
electroluminescence into the material. The electroluminescent 
material of the present invention is an inorganic 
30 electroluminescent material, which is more thermally and 
chemically stable than organic electroluminescent materials. 
[0010] 

An oxide having a perovskite-type crystal structure of 
that forms the electroluminescent material of the present 
35 invention can be produced at low cost, since an oxide having a 
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satisfactorily low impurity content can be obtained by a 
relatively simple method, such as sintering in air, a floating 
zone method, etc. In particular, oxide single crystals with 
remarkably little impurities can be obtained by the Floating zone 
5 method. Oxides obtained by such methods are thermally and 
chemically stable in air, have a high mechanical strength, and 
suffer little deterioration due to long-term use. 
[0011] 

Electroluminescent material of the Invention 
10 An electroluminescent material of the present invention 

is represented by one of the following three General Formulae: 

(1) an electroluminescent material including an oxide 
having a perovskite-type crystal structure represented by General 
Formula RM0 3 , wherein R is at least one rare-earth element, and M 

15 is at least one member selected from the group consisting of Al, 
Mn, and Cr; 

(2) an electroluminescent material including an oxide 
having a perovskite-type crystal structure represented by General 
Formula R 2 Cu0 4 , wherein R is at least one rare-earth element; and 

20 (3) an electroluminescent material including an oxide 

having a perovskite-type crystal structure represented by General 
Formula RZ2CU3O6, wherein R is at least one rare-earth element, 
and Z is at least one alkaline earth metal. 
[0012] 

25 Examples of usable rare-earth elements R include Sc, Y, 

La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, etc. 
Among these, Y, La, Nd, and Sm are particularly preferable. 
[0013] 

Examples of usable alkaline earth metals Z include Ca, 
30 Sr, Ba, etc. Among these, Ca and Sr are particularly preferable. 
[0014] 

The oxide, which is a constituent component of the 
electroluminescent material of the present invention, may further 
include at least one member selected from the group consisting of 
35 alkaline earth metals, Mg, alkali metals, and transition metals 



-10- 

as an added impurity. By doping with an impurity, oxygen defects 
that serve as the luminescence centers in the oxide are 
stabilized. The preferable mode for doping is replacing some of 
the rare-earth element (s) R in the oxide having a perovskite-type 
5 crystal structure with dopant (s). For example, when Ca or Mg is 
doped into YA10 3 or LaA10 3 , it is preferable that some of the 
trivalent Y or La in the YA10 3 or LaA10 3 crystal lattice are 
substituted with divalent Ca or Mg. 
[0015] 

10 The alkaline earth metals Z exemplified above can also 

be used as alkaline earth metal dopants. 
[0016] 

Li, Na, K, Rb, Cs, etc., are examples of alkali metals 
usable as dopants. Among these, Li, Na, and K are particularly 
15 preferable. 
[0017] 

Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, etc., are examples 
of transition metals usable as dopant. Among these, Ti, Mn, Fe, 
and Cu are particularly preferable. 
20 [0018] 

Among the above-mentioned dopants, Ca, Sr, Mg, and Ti 
are preferable, and Mg is particularly preferable. Dopants may be 
used singly or in combination. 
[0019] 

25 The content of alkaline earth metal dopant in the oxide 

(i.e., mole % of alkaline earth metal (s) added as dopant (s) 
relative to M or Cu) is generally 0.001 to 10%, preferably 0.005 
to 5%, and more preferably about 0.01% to about 2%. 
[0020] 

30 The content of Mg dopant in the oxide (i.e., mole % of 

Mg added as dopant relative to M or Cu) is generally about 0.001 
to about 10%, preferably about 0.005 to about 5%, and more 
preferably about 0.01 to about 2%. 
[0021] 

35 The content of alkali metal dopant in the oxide (i.e., 
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mole % of alkali metal (s) added as dopant (s) relative to M or Cu) 
is generally about 0.001 to about 10%, preferably about 0-005 to 
about 5%, and more preferably about 0.01 to about 2%. 
[0022] 

5 The content of transition metal dopant in the oxide 

(i.e., mole % of transition metal (s) added as dopant (s) relative 
to M or Cu) is generally about 0.001 to about 10%, preferably 
about 0.005 to about 5%, and more preferably about 0.01 to about 
2%. 
10 [0023] 

Examples of electroluminescent materials of the present 
invention, and in particular examples of oxides represented by 
General Formula RM0 3 , include. YA10 3 (yttrium aluminate) , LaA10 3 
(lanthanum aluminate) , etc. Specific examples of oxides 

15 containing Ti or Ca as preferable dopant include Ti- or Ca-doped 
YA10 3 , Ti- or Ca-doped LaA10 3 , etc. Examples of oxides 
represented by General Formula R 2 Cu0 4 include Y 2 Cu0 4 , La 2 Cu0 4 , etc. 
Examples of the oxides represented by General Formula RZ 2 Cu 3 0 6 
include LaCa 2 Cu 3 0 6 , LaSr 2 Cu 3 0 6 , etc. 

20 [0024] 

The oxide having a perovskite-type crystal structure 
that is a component of the electroluminescent material of the 
present invention may have monocrystalline or polycrystalline 
crystal system and may be amorphous. The monocrystalline oxide 

25 may be synthesized by a floating zone method. Polycrystalline 
or amorphous oxide may be synthesized by sintering, sputtering, 
laser ablation, metal salt thermal decomposition, metal complex 
thermal decomposition, a so-gel process using alkoxide as a 
material, etc. Such synthetic methods are explained below in 

30 detail. 
[0025] 

Electroluminescent element of the Invention 

The electroluminescent element of the present invention 
has an electroluminescent layer formed from an oxide 
35 electroluminescent material of the present invention. The 
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constituent components thereof other than the electroluminescent 
layer may be the same as those of known electroluminescent 
elements. For example, various materials that are used for known 
electroluminescent elements, such as metallic materials, 
5 semiconductor materials, etc., can be used for the upper 
electrode and the lower electrode of the present invention. 
[0026] 

Specific examples of an electroluminescent element of 
the present invention are as follows: 
10 1) an electroluminescent element having a lower 

electrode, an electroluminescent layer, and an upper electrode 
sequentially laminated; 

2) an electroluminescent element having a lower 
electrode, an insulating layer or stabilizing resistive layer, an 

15 electroluminescent layer, and an upper electrode sequentially 
laminated; 

3) an electroluminescent element having an 
electroluminescent layer and a transparent electrode (upper 
electrode) sequentially laminated on a transparent electrode 

20 (lower electrode) formed on a glass substrate; 

4) an electroluminescent element having a structure 
wherein a lower electrode is formed on a substrate formed from 
plastic, ceramic, etc., with an electroluminescent layer and a 
transparent electrode (upper electrode) sequentially laminated on 

25 the lower electrode; etc. 
[0027] 

It is preferable that the upper electrode be formed 
from a transparent or translucent material, or have a comb-like 
shape, wherein light emitted from the electroluminescent layer 
30 can be emitted from the element. 
[0028] 

In Item 3), there are no limitations on the number of 
electroluminescent layers and transparent electrodes laminated; 
however, generally 2 to 10 sets of the electroluminescent and 
35 transparent electrode layers are laminated. 
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[0029] 

When the electroluminescent element is driven by 
applying alternating current, an insulating layer is provided in 
case the electrical conductivity of the electroluminescent layer 
5 is too great to apply satisfactorily high voltage to the 
electroluminescent layer, electric breakdown may occur due to 
excessive current, etc. Specifically, an insulating layer is 
sandwiched between at least one of the pairs of 
electroluminescent layer and upper electrode, and 
10 electroluminescent layer and lower electrode. 
[0030] 

There are no limitations on the materials for the 
insulating layer as long as they are electrically non-conductive. 
Si0 2 , SiON, A1 2 0 3 , Si 3 N 4 , SiAlON, Y 2 0 3 , BaTi0 3 , Sm 2 0 3 , Ta 2 0 5 , BaTa 2 0 6 , 

15 PbNb 2 0 6 , Sr(Zr,Ti)0 3 , SrTi0 3 , PbTi0 3 , Hf0 3 , etc., are examples of 
usable materials. It is also possible to use insulating ceramics 
and the like that combine two or more such materials. It is 
preferable that the insulating layer be as thin as possible 
within the range that electric non-conductance can be obtained. 

20 When the insulating layer is too thick, the distance between the 
upper electrode and the lower electrode is unduly large. This 
diminishes the electric field strength applied to the 
electroluminescent layer and may reduce the luminous efficiency. 
The thickness of the insulating layer is generally about 50 to 

25 800 nm, and preferably about 100 to 400 nm. 
[0031] 

When the electroluminescent element is driven by 
applying direct current, a stabilizing resistive layer is 
provided if the electrical conductivity of the electroluminescent 

30 layer is too great to supply a satisfactorily high voltage to the 
electroluminescent layer, electric breakdown may occur due to 
excessive current, etc. Specifically, a stabilizing resistive 
layer is sandwiched between at least one of the pairs of 
electroluminescent layer and upper electrode, and 

35 electroluminescent layer and lower electrode. 
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[0032] 

There are no limitations on the materials for the 
stabilizing resistive layer as long as they can increase the 
electric resistance. Usable materials are those having a 
5 composition similar to that of the electroluminescent layer but 
whose electrical conductivity is made lower than that of the 
electroluminescent layer by changing the dopant concentration. 
For example, when (electrical conductive) Ti-doped YAIO3 is used 
as an electroluminescent layer , (insulating) YAIO3 without doping 

10 of Ti can be used as a stabilizing resistive layer. It is 
preferable that the stabilizing resistive layer be as thin as 
possible within the range that an effect for increasing the 
electrical resistance can be obtained. When the stabilizing 
resistive layer is too thick, the distance between the upper 

15 electrode and the lower electrode is unduly great. This 
diminishes the electric field strength applied to the 
electroluminescent layer and may reduce the luminous efficacy. 
The thickness of the stabilizing resistive layer is generally 
about 50 to 800 nm, and preferably about 100 to 400 nm. 

20 [0033] 

The structures of the upper electrode and the lower 
electrode used in the case where electroluminescence is generated 
by applying a direct voltage are explained below with reference 
to a similar structure of an organic compound by which light is 
25 emitted by introducing electrons and holes to an 
electroluminescent layer . 
[0034] 

Electrode materials having a large work function, such 
as gold, platinum and the like metals, and indium-tin oxide (ITO) 

30 and the like transparent metal oxides are preferable as materials 
for the anode. Electrode materials having a small work function, 
such as calcium, sodium, magnesium, aluminum and the like metals 
are preferably used for the cathode. Magnesium can inhibit 
oxidization in air and enhance adhesion with the 

35 electroluminescent layer when used as an electrical material 
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after being subjected to dual-source vapor deposition or the like 
with silver or indium and formed into an alloy or a mixture of 
metals. From the viewpoint of long-term stability, aluminum is 
the most practical, since it is much less oxidized by air than 
5 calcium, sodium, and magnesium. 
[0035] 

The upper electrode and the lower electrode used when 
electroluminescence is generated by applying alternating voltage 
may be the same as when electroluminescence is generated by 

10 applying direct voltage. It is also possible to select an 
electrode made of a single material selected from the above- 
mentioned various electrode materials for direct current 
electroluminescence, and use such a kind of electrode for both 
the upper and lower electrodes. 

15 [0036] 

Based on the above-described known basic structure, the 
structure of the electroluminescent element may be variously 
modified to those applicable to display panels and the like by 
using known methods. 
20 [0037] 

For example, the structure of the electroluminescent 
element may be modified as follows: 1) a light-emitting site in 
the light emitting plane can be structured as an assembly of fine 
dots, with groups each consisting of three dots, i.e., a blue- 

25 light-emitting dot, a green-light-emitting dot, and a red-light- 
emitting dot, being disposed on a plane of the light emitting 
element, so that various luminescent colors and luminescent 
patterns can be obtained by making specific dots emit light; 2) 
light-emitting sites are laminated in a single dot in a light 

30 emitting plane, and groups each consisting of three layers, i.e., 
a blue-light-emitting layer, a green-light-emitting layer, and a 
red-light-emitting layer, are disposed on a plane of a light 
emitting element, so that various luminescent colors and 
luminescent patterns can be obtained by making a specific dot in 

35 a specific layer emit light; and 3) In the light emitting plane, 



-16- 

the light-emitting site can be structured as an assembly of fine 
dots of monochrome luminous body, with groups each consisting of 
three dots, i.e., a blue-light-emitting dot, a green-light- 
emitting dot, and a red-light-emitting dot, which are obtained by 
5 attaching a color filter on the surface of each dot, being 
disposed on a plane of the light emitting element, so that 
various luminescent colors and luminescent patterns can be 
obtained by making specific dots emit light. 
[0038] 

10 An electroluminescent layer formed from the 

electroluminescent material of the present invention can be 
obtained by, for example, compression molding fine particles of 
oxide electroluminescent material, or forming a paste containing 
fine particles of oxide electroluminescent material into a layer 

15 and then drying. 
[0039] 

Specifically, oxide single crystals having a perovskite 
structure can be obtained by placing in a furnace a sintered body 
or powder of various oxides that are usable as materials for the 

20 perovskite oxide that will form the electroluminescent material 
of the present invention, and subjecting it to a floating zone 
method using a xenon lamp, halogen lamp or the other known 
heating means. For example, when the floating zone method is 
employed, YA10 3 single crystals can be obtained by heating a 

25 sintered body of a mixture of Y2O3 powder and A1 2 0 3 powder in a 
furnace equipped with an infrared heater. An electroluminescent 
layer containing dopants (Ti, Ca, etc.) can be obtained by adding 
a compound comprising Ti, Ca, etc., to the material beforehand. 

The electroluminescent layer can be obtained by 

30 pulverizing the thus-obtained oxide single crystals into an oxide 
powder having an average particle diameter of about 1 to about 5 
pm and subjecting the powder to compression molding, or by 
forming a paste containing the oxide fine particles into a layer 
and then drying. In preparing a paste, toluene, alcohols and 

35 other organic solvents, water, etc., can be used as a liquid 
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component thereof. 
[0040] 

It is also possible to enhance the adhesiveness between 
the fine particles by adding a binder to the oxide fine particles. 
5 Examples of usable binders include polymethyl methacrylate, 
polycarbonates, polyvinyl alcohols, polystyrene, polyethylene and 
the like transparent resins; and KBr and the like inorganic 
solids. It is preferable that such binders be formed into a 
powder having almost the same diameter as the oxide fine 
10 particles. When a mixture containing a binder is formed into a 
paste, any liquids can be used as a liquid component thereof as 
long as they can solve or disperse the binder. Such liquid 
components may be suitably selected depending on the type of the 
binder; however, they are generally selected from toluene, 
15 alcohols and like organic solvents; water; etc. 
[0041] 

It is also possible to obtain an electroluminescent 
layer by forming the oxide single crystals obtained by the 
floating zone method into a thin film by cutting and/or abrading 

20 the crystals using a known method, and disposing the resulting 
thin film on the lower electrode (if necessary, via an insulating 
layer or a stabilizing resistive layer) . By this method, an 
excellent and extremely highly purified (i.e., having the highest 
possible degree of electroluminescence efficiency, and the 

25 smallest loss of emitted light caused by scattering, etc.) single 
crystalline electroluminescent layer can be obtained. 
[0042] 

Furthermore, when the electroluminescent layer, is 
formed by subjecting a perovskite oxide obtained by sintering to 

30 pulverization and compression molding, etc., an 

electroluminescent layer with little impurities can be obtained 
by a simple process. Specifically, a perovskite polycrystalline 
oxide can be synthesized by preparing oxides that contain 
constituent components of the object oxide electroluminescent 

35 material, mixing these oxides in such a manner that their 
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compounding ratio corresponds to that of the object, and 
sintering the mixture. Subsequently, the sintered body is 
pulverized to have a particle diameter of about 1 to about 5 jam, 
obtaining oxide powder. There are no limitations on the 
5 synthesizing (sintering) conditions, and • sintering may be 
conducted at about 600 to about 1100 °C under an oxidizing 
atmosphere, such as air which contains oxygen, a reducing 
atmosphere containing hydrogen, etc. The sintering time is not 
limited and may be suitably selected depending on the type of 

10 material, sintering temperature, etc.; however, the sintering 
time is generally about 0.5 to about 24 hours, and preferably 
about 1 to about 12 hours. For example, in a sintering method, 
polycrystalline YA10 3 can be obtained by mixing Y 2 0 3 powder and 
A1 2 0 3 powder, and then sintering the mixture. An 

15 electroluminescent layer containing dopants (Ti, Ca, etc. ) can be 
obtained by adding a compound comprising Ti, Ca, etc., to the 
material beforehand. 
[0043] 

Besides the above-explained methods, it is also 
20 possible to obtain an electroluminescent layer by, for example, 
sputtering, laser ablation, metal salt thermal decomposition, 
metal complex thermal decomposition, a sol-gel process using an 
alkoxide, molecular beam epitaxy (MBE) , vacuum deposition, 
physical vapor deposition (PVD) , chemical vapor deposition (CVD) , 
25 etc. 

[0044] 

Among the above-mentioned methods, thermal 
decomposition of a metal salt or a metal complex is a method 
wherein a perovskite oxide layer is obtained by preparing 

30 materials that contain metal components that form the object 
perovskite oxide, such as carboxylic acid salts, nitric acid 
salts, fatty acid salts, chelates, diketones, acetylacetonato 
complexes, etc., mixing the material compounds in such a manner 
that their compounding ratio corresponds to that of the object 

35 oxide, applying the mixture on the lower electrode (if necessary, 
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via an insulating layer or a stabilizing resistive layer) by spin 
coating, dip coating, spray coating or other various known method, 
and decomposing it under an atmosphere containing oxygen, such as 
air. In particular, a method using a metal salt of carboxylic 
5 acid or a metal salt of fatty acid (metallic soap) is a known 
method for organometallic decomposition- An object perovskite 
oxide layer can be formed in a simple manner at low cost by 
applying a solution prepared by dissolving the thus-obtained 
material in a solvent on a substrate, and thermally decomposing 
10 and sintering at a temperature not lower than about 300 °C under 
an oxygen-containing atmosphere, such as air. 
[0045] 

Even when other methods are employed, an object 
perovskite oxide layer (electroluminescent material layer) can 

15 also be formed under known conditions. For example, when 
sputtering, laser ablation, molecular beam epitaxy (MBE) , vacuum 
deposition, physical vapor deposition (PVD), or chemical vapor 
deposition (CVD) is employed, an electroluminescent layer can be 
obtained in a routine manner by using oxide single crystals or 

20 polycrystals obtained by the above-mentioned floating zone method, 
sintering or the like. 
[0046] 

There are no limitations on the thickness of the 
electroluminescent layer; however, it is generally about 0.005 to 

25 about 0.5 mm, and preferably about 0.01 to about 0.1 mm. An 
unduly thin electroluminescent layer results in too little light 
being emitted by application of voltage, and this may make it 
difficult to obtain a high-luminance electroluminescent element. 
An unduly thick electroluminescent layer results in an increase 

30 in the voltage necessary to obtain an electric field strong 
enough to generate electroluminescence, and this may result in 
the need of a large, complicated, and expensive electric power 
unit. 
[0047] 

35 The electrical conductivity of the electroluminescent 



-20- 

layer is preferably in the range about 10" 6 to about 10 2 S/cm, and 
more preferably in the range about 10~ 5 to about 10 S/cm. If the 
electrical conductivity of the electroluminescent layer is too 
small, it is difficult to implant electrons and positive holes in 
5 the electroluminescent layer by applying voltage, increasing the 
level of electric field strength necessary. This makes the 
voltage necessary to generate the electroluminescence unduly 
large, and requires a large, complicated, and expensive electric 
power unit. If the electroluminescent layer has an unduly large 
10 electrical conductivity, it is difficult to generate an electric 
field strong enough to obtain electroluminescence when voltage is 
applied. 
[0048] 

Doping is also effective for controlling electrical 
15 conductivity. For example, YAIO3 is almost insulating when 
undoped, i.e., free from dopants, or doped with about 0.1% 
calcium, and therefore it may be difficult to implant electrons 
and positive holes therein even when a voltage is applied through 
an electrode attached thereto. In contrast, since YA10 3 functions 
20 as a semiconductor having a specific electrical conductivity when 
doped with about 0.1 to about 3% titanium, electrons and positive 
holes can be implanted therein by applying a voltage through an 
electrode attached thereto, easily generating electroluminescence. 
[0049] 

25 Furthermore, in the electroluminescent layer, the 

directional relationship between the crystal planes of the 
perovskite oxide and the voltage applied is not limited; however, 
in the perovskite oxides represented by R 2 Cu0 4 and RZ2Cu 3 0 6 , it is 
preferable that the ac-plane (Cu0 2 plane) in the perovskite oxide 

30 be oriented in the thickness direction of the film, in order to 
effectively form excitons from the electrons and positive holes 
and generate light emission from the excitons. An 
electroluminescent layer having such a structure can be obtained 
by forming an oxide layer by a molecular beam epitaxy (MBE) 

35 method and then subjecting the resultant oxide layer to a thermal 
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treatment. It is also possible to form an electroluminescent 
layer by attaching oxide single crystals having a perovskite 
structure to a lower electrode and abrading the surface of the 
oxide by ion milling. 
5 [0050] 

In the electroluminescent element of the present 
invention, it is preferable that a light reflection layer be 
provided. It is particularly preferable that a light reflection 
layer be provided at the lower electrode side of the 

10 electroluminescent layer. When the lower electrode is formed from 
a transparent electrode , the light reflection layer may be 
disposed between the lower electrode and the substrate. By 
providing a light reflection layer, it is possible to apply 
directivity in a specific direction to the generated light when 

15 it is emitted from the electroluminescent element, and therefore 
the intensity and brightness of the light can be enhanced in that 
direction. Instead of providing an additional light reflection 
layer, it is also possible to make the lower electrode itself as 
a metal electrode (e.g., aluminum, silver, gold, etc.) having a 

2 0 high light reflectance or an electrode having a high refractive 
index. When the electrode is transparent or has a comb-like shape, 
an aluminum layer, a silver layer, a gold layer, a transparent 
layer having a high light reflectance, etc., can be used as a 
light reflection layer. In order to reflect light efficiently, 

25 the thickness of the light reflection layer is preferably not 
less than 100 nm, and more preferably not less than 200 nm. 
[0051] 

An electroluminescent layer having the above-described 
structure can generate electroluminescence in a highly efficient 
30 manner by implanting electrons and positive holes while applying 
voltage. The reasons for this are presumably the following: 
[0052] 

The perovskite oxide used in the present invention is a 
material having a so-called strongly correlated electron system, 
35 and the electrons and positive holes therein tend to have a great 
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mobility, do not readily annihilate, and can move a long distance. 
Such a perovskite oxide tends to have extremely great oscillator 
strength in the visible light range, and the electrical 
conductivity thereof can be enhanced by doping with a very small 
5 amount of dopant. The perovskite oxide achieves very strong 
luminescence (fluorescence) when irradiated with ultraviolet-rays. 
Such luminescence is caused by color centers due to oxygen 
defects in the crystal lattice of the perovskite oxide rather 
than interband transitions occurring at a band-edge of the 

10 perovskite oxide. Such oxygen defects occur in a perovskite oxide 
of the present invention synthesized by the floating zone method, 
etc., while irradiating ultraviolet rays under a reducing 
atmosphere. When such a perovskite oxide is irradiated with 
ultraviolet rays, highly intensive fluorescence is observed due 

15 to electronic excitation from the color center formed by oxygen 
defects to a conductive band. The wavelength of the fluorescence 
(i.e., color) is peculiar to the type of the perovskite oxide and 
can be altered by appropriately selecting the rare-earth element. 
If a little amount of alkaline earth metals or transition metals 

20 is doped in the perovskite oxide while synthesizing it in such an 
amount that the crystal lattice is not fractured, remarkably 
intense fluorescence can be generated compared to an undoped 
perovskite oxide. The fluorescence lifetime is as short as about 
15 ns, and the fluorescence quantum yield is as high as 45%. It 

25 is presumed that this is because the above-mentioned dopants 
stabilize the oxygen defects that constitute the color centers. 
When the size of the dopant is not very large, the emission 
wavelength is not strongly affected by the type of dopant. 
However, when the dopant is relatively large, distortion occurs 

30 in the crystal lattice of the perovskite oxide, and the emission 
wavelength thereof is shifted. It is therefore also possible to ■ 
control the emission wavelength using such an effect. 
[0053] 

When voltage is applied to such a fluorescent 
35 perovskite oxide, carriers (i.e., electrons and positive holes) 
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tend to have a great mobility and do not readily annihilate. This 
makes carries accelerated by the applied voltage collide with the 
color centers, and electroluminescence is generated by a process 
somewhat similar to which generates fluorescence. Alternatively, 
5 luminescence from excitons formed of an implanted electron and 
positive hole pair (i.e., luminescence occurs when electrons and 
positive holes are recombined) occurs in an efficient manner when 
voltage is applied. This enables the fluorescent perovskite oxide 
to function as a highly effective electroluminescent material. 
10 [0054] 

The above-explained perovskite oxide meets the demand 
for highly efficient electroluminescence that emits green to blue 
light, since, as described above, it can achieve highly efficient 
electroluminescence attributable to the high mobility of 

15 electrons and positive holes, which is a distinctive feature of 
strongly correlated electron systems. Furthermore, the wavelength 
of the electroluminescence is easily controlled because of the 
great flexibility in selecting constituent elements of the 
perovskite oxide, and type and concentration of the dopant (s). 

20 Moreover, the materials for the perovskite oxide themselves are 
inorganic oxides, which are more thermally and chemically stable 
than organic materials and compound semiconductor materials, and 
therefore the perovskite oxide can also meet the demand for 
electroluminescent materials having excellent long-term stability. 

25 Because the perovskite oxide can be easily obtained in a simple 
manner using inexpensive and low toxic materials, it can be said 
that the perovskite oxide is an environmentally friendly and very 
safe electroluminescent material . 
[EXAMPLES] 

30 [0055] 

The present invention is explained in more detail below 
with reference to Examples and Comparative Examples. However, the 
scope of the present invention is not limited to these Examples. 
[0056] 
35 Example 1 



-24- 

A thin plate having a diameter of about 2 . 0 mm and a 
thickness of about 0.245 mm was prepared by cutting and abrading 
a 0.1% (mole % of Ca relative to Al) calcium-doped yttrium 
aluminate single crystal (translucent white with very light 
5 purple) obtained by a floating zone method. An aluminum electrode 
layer (cathode) having a thickness of 150 nm was formed on one 
entire surface of the thin plate by a vacuum deposition method. A 
semicircular gold electrode layer (anode) having a thickness of 
75 nm was formed on half of the other surface of the thin plate 

10 by a DC sputtering method. A platinum wire was attached to the 
0.1% Ca doped yttrium aluminate thin plate using silver paste and 
bipolar high AC voltage was applied thereto. When the AC voltage 
was varied at a frequency of 10 Hz, green luminescence was 
generated in the range of ± 750 to 950 V. The wavelength at the 

15 luminescence peak was 54 6 nm. (However, even with varying the 
frequency over the range from 2 to 700 Hz, luminescence was not 
observed at ± 500 V. ) Luminescence was also observed when high 
direct current voltage, such as not less than 1500 V, was applied. 
[0057] 

20 Example 2 

A thin plate having a diameter of about 2 . 1 mm and a 
thickness of about 0.137 mm was prepared by cutting and abrading 
0.1% (mole % of Ti relative to Al) titanium-doped yttrium 
aluminate single crystal (translucent with light brown) obtained 

25 by a floating zone method. An aluminum electrode layer (cathode) 
having a thickness of 150 nm was formed on one entire surface of 
the 0.1% Ti doped yttrium aluminate thin plate by a vacuum 
deposition method. A semicircular gold electrode layer (anode) 
having a thickness of 75 nm was formed on half of the other 

30 surface of the thin plate by a DC sputtering method. A platinum 
wire was attached to the 0.1% Ti doped yttrium aluminate thin 
plate using silver paste and bipolar high AC voltage was applied 
thereto. When the AC voltage was varied at a frequency of 10 Hz, 
green luminescence was generated in the range of ± 550 to 900 V. 

35 The wavelength at the luminescence peak was 54 6 nm. (When the 
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frequency was varied at ± 500 V, luminescence was observed within 
the range of 250 to 600 Hz.) Luminescence was also observed until 
the frequency reached 600 Hz. Luminescence was also observed when 
high direct current voltage, such as not less than 1500 V, was 
5 applied. 
[0058] 
Example 3 

A thin plate having a diameter of about 2 . 1 mm and a 
thickness of about 0.137 mm was prepared by cutting and abrading 

10 1% (mole % of Ti relative to Al) titanium-doped YA10 3 single 
crystal (translucent with light yellowish brown) obtained by a 
floating zone method. An aluminum electrode layer (cathode) 
having a thickness of 150 nm was formed on one entire surface of 
the 0.1% Ti doped yttrium aluminate thin plate by a vacuum 

15 deposition method. A semicircular gold electrode layer (anode) 
having a thickness of 75 nm was formed on half of the other 
surface of the thin plate by a DC sputtering method. A platinum 
wire was attached to the 0.1% Ti doped yttrium aluminate thin 
plate using silver paste and bipolar high AC voltage was applied 

20 thereto. When the AC voltage was varied at a frequency of 10 Hz, 
green luminescence was generated in the range of ± 27 5 to 375 V. 
The wavelength at the luminescence peak was 547 nm. (When the 
frequency was varied at ± 500 V, luminescence was observed within 
the range of 2 to 60 Hz.) Luminescence was also observed until 

25 the frequency reached 60 Hz. Furthermore, luminescence was 
observed when high direct current voltage, such as not less than 
1500 V, was applied. 
[0059] 
Example 4 

30 A thin plate having a diameter of about 2.1 mm and 

thickness of about 0.198 mm was prepared by cutting and abrading 
3% (mole % of Ti relative to Al) titanium-doped Yttrium aluminate 
single crystal (brown with translucent white) obtained by a 
floating zone method. An aluminum electrode layer (cathode) 

35 having a thickness of 150 nm was formed on one entire surface of 
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the 3% titanium doped yttrium aluminate thin plate by a vacuum 
deposition method. A semicircular gold electrode layer (anode) 
having a thickness of 75 nm was formed on half of the other 
surface of the thin plate by a DC sputtering method. A platinum 
5 wire was attached to the 3% titanium doped yttrium aluminate thin 
plate using silver paste and bipolar high AC voltage was applied 
thereto. When the frequency was varied at ± 500 V, white 
luminescence was observed within the range of 2 to 60 Hz. 
Luminescence of visible light was also observed when high direct 
10 current voltage, such as not less than 1500 V, was applied. 
[0060] 
Example 5 

A thin plate having a diameter of about 2.1 mm and a 
thickness of about 0.137 mm was prepared by cutting and abrading 

15 0.1% (mole % of Mg relative to Al) magnesium-doped LaA10 3 single 
crystal obtained by a floating zone method. 

An aluminum electrode layer (cathode) having a 
thickness of 150 nm was formed on one entire surface of the thin 
plate by a vacuum deposition method. A gold electrode layer 

20 (anode) having a thickness of 75 nm was formed on half of the 
other surface of the thin plate by a DC sputtering method. As a 
result, yellowish green luminescence was generated at a frequency 
of 10 Hz while applying AC voltage within the range of ± 500 to 
900 V. Luminescence was also observed when high direct current 

25 voltage, such as not less than 1500 V, was applied. Similar 
luminescence was also observed when single crystalline LaMn03 was 
used instead of single crystalline LaA10 3 . 

[BRIEF DESCRIPTION OF DRAWINGS] 
30 [0061] 

Fig. 1 is a graph showing wavelength characteristics of 
light emitted from a thin plate prepared in Example 1 of the 
present invention with an applied bipolar AC voltage having a 
frequency of 10 Hz, and a voltage of ± 950 V. 
35 Fig. 2 is a graph showing wavelength characteristics of 



light emitted from a thin plate prepared in Example 2 of the 
present invention with an applied bipolar AC voltage having a 

frequency of 10 Hz, and a voltage of ± 800 to 900 V. 

Fig. 3 is a graph showing wavelength characteristics of 
light emitted from a thin plate prepared in Example 3 of the 
present invention with an applied bipolar AC voltage having a 
frequency of 10 Hz, and a voltage of ± 275 to 375 V. 



-28- 

Fig. 1 
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Fig. 2 
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Document Name: Abstract 

[Abstract] 

[Problem] 

The present invention provides electroluminescent 
materials that emit very bright light with little energy 
consumption, little loss of energy converted into heat, etc., and 
suffers from little deterioration due to long-term use, in 
particular, inorganic electroluminescent materials that emit blue 
to green light having a wavelength shorter than yellow. 
[Means for Solving the Problem] 

The present invention relates to the following three 
types of electroluminescent material: 

(1) An electroluminescent material including an oxide 
having a perovskite-type crystal structure represented by General 
Formula RM0 3 , wherein R is a rare-earth element, and M is at least 
one member selected from the group consisting of Al, Mn, and Cr; 

(2) an electroluminescent material including an oxide 
having a perovskite-type crystal structure represented by General 
Formula R 2 Cu0 4 , wherein R is a rare-earth element; and 

(3) an electroluminescent material including an oxide 
having a perovskite-type crystal structure represented by General 
Formula RZ 2 Cu 3 06, wherein R is at least one rare-earth element, 
and Z is at least one alkaline earth metal. 

[Selected Figure] None 



